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U. S. Army Engineer ORI

Waterways Experiment Station weier: -
13 June 1978 ‘
DIKE STABILITY ANALYSIS, BASINF . . .
ROCKY MOUNTAIN ARSENAL ' o S
'DENVER, CO -

1. Thisvenalysis was performed during the period 9 November 1977 - ,f;i.ff
23 May 1978. The study was authorized by Intra-Army Order for.Reimbursa-'iefm:;f
ble Services (IAO) No. RM 56-78 dated 9 November 1977; A Vork Statement WA s
attached to that IAO defines the work t% be performed under Task 1.05.62, &:0im-
Quantitative Feasibility Evaluation for Full-Depth Containment‘of Baszin F, "=t C

and states, in part, that "Any hazards to the existing dikes due to age  exists
or construction should be identified" and "Assess the current phy31ca1 BERTRAE
‘condition of the Basin for determlnation of need for jmmediate structural _;'fi:
repair." This report presents the findings of the U. S. Army Engineer o
Waterways Experiment Station (WES) in ccmpllance with the appropriate oo
portions of Task 1.05.62. !

2. ‘A visual on-site inspection was made of the dike, and four = - =
boring locations were selected. A plan view of Besin F, along with the .0 ...
boring locetions, is shown in Figure 1. The initial borings were made e
by a WES drill crew operating a drill rig belonging to Rocky Mountain . B |
Arsenal (RMA). The rig was not equipped to obtain satlsfactory undls-‘ , ﬂgQ‘n
turbed swmples, and in order to expedite the 1nvest1gatlon, the borlngs '
were made utilizing Standard Penetration Tests (SPT). Jar samples were
obtained and tested in the WES Soil Testing Facility for moisture con- |
tent, Atterberg limits, grain-size distribution, and specific gravity.

The laboratory test results are presented in Figures 2-hl. ,The]
_ graphic borlng logs and results of the SPT tests are presented in
- Figures L2-L45, T o '
'3. From the SPT and laboratory test results, shear strength and
-.unit weight parameters were estlmated.’ The 50113 were con81dered to be
either cohesive (in which case no angle of 1nterna1 friction was as-

' signed) or cohesionless (in which case no cohesion was assigned).




These estimated values are presented in Figures 42-L5. Stability
anelyses were performed Dby using the Wedge Method in the WES Computerg
Program SSW028. o

L4, It appeared from the calculated factors of safety (0 87 to 1. 25)
that a critical condltlon existed in the outside, or downstream, slope
when the reservoir was at full pool (2 ft below the crest) and when a
steady seepage state with an assumed phreatic line occurred throuéh'
the dike. Since the reservoir has been at full pobl and the dike has:
not failed, it was felt that either the estimated strenéth values were
not valid or the'asphaltic membrane liner on the upstream slope had been
effective in preventing a steady seepage state from occurring and the
conditions necessary to reduce strength‘to that for-saturated drained
conditions have not yet developed. (The 1aboratory tests indicate
that the embankment zorie below the assumed phreatlc line is not . @
»saxurated.) Since the possibility exists that the liner could become
ineffective at some point at any time, and since the low factors of
safety were calculated from estimated s0il parameters,'it was. felt that
additional borings to obtain undisturbed soil samples for more accurate
laboratory testing were necessary. ‘ v |

5. Four additional borings were made w1th1n 5 £t of the initial

borings by a WES drill crew using a WES drill rlg. Undisturbed Shelby-
tube samples, 5 in. in diameter, were obtained. Where the soil possessed'
‘sufficient cohesion, Q triaxial tests were performed; where the soil
possessed low cohesion, S direct shear tests were performed. All test
results are presented in Figures 46-79. A comparison of the initial
estimated values and the measured 1aboratory values indicates that the
'eStimated'values were only slightly in error.-.Sinee several samples
were tested from each zone, and since the values w1th1n a zone varied
slightly, it was necessary to meke statistical selectlons of values
for use in the analyses. The selected 3011 parameters for respectlve :
zones are shown, along with the initial graphlc borlngs 1ogs and es-

timated values, in Figures L2-45. Stability analyses were performed




utilizing the selepted‘valueé and the Modified Swedish Method in the

CORPS Computer Program 10009; Only the downstream slope was evaluated.

Again, pooi level was assumed to be 2 ft below the crest. Analyses were
also performed with a pseudo-seismic (earthquake)»loading of O.OSlg.A The
analyses are presented in Figures 80-83. - - o B

6. The snalyses revealed that the factors of: safety are hlghly
dependént upon the degree of cohesion.  Figure 84 graphically depicts
this sensitivity. Corps of Engineers (CE) criteria; however, dictate
thet the SS case be analyzed using the drained strength (S test),
which in this case is without cohesion.  On this basis, féctors of

safety of 0.79 to 1.1l were obtained. Because of the sensitivity of

.the factors of séfety to cohesion, analyses were also performed using

the undrained strength (Q test) which includes cohesion and represents

the unsatiurated "as is" condition of the dike. :Factors of safety for:
this condition range from 4.43 to 9.80. A summary of all factors of -
safety is presented in Figure 85. ‘ | .

T. Because of the low factors of safety indicated for the 88 =

chase, further analyses were performed with the reservoir pool lowered

by~ 2—ft ‘increments to determine if a lower head would increase the
factor of safety to 1.5 as required by CE cr1ter1a<for the SS case.
(We understand that the reservoir pool elevation is decreasing due to
reduction and possible complete cessatioh of fluid.-discharge into the
basin.) Boring 482 was selected as being representative and only this
location was subjected to the additional analyses which were performed
using both S and Q strengths and with and without earthquake load-

ings. The results are shown graphically in Figure 86. Increases in

factors of safety were only slight.

8. A summary of all analyses indicates that in order to comply
with current CE criteria of a factor of safety of 1.5 for the SS:
condition, the downstream dike‘slope must be asltered from its breéeht
1:1 tb a flatter 1:2.5. It is estimated that the dike comprises ap-
proximately one—half_of the total periphery of the.basin; conseguently,




 epproximately 3600 lin ft of dike must be altered, The alteration will

require apperimately 16,000 cu yd of soil. The 6peration should be
feirly simple and can be accomplished by :stripping soil from afound'the

periphery with a bulldozer and shoving it up onto the existing slope. -

| The absence of significant vegetation in.fhé surrounding topsoil and on

the dike slope should expedite the operation. The peripheral fencev
must be removed and replaced alohg the length of dike addressed.
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SPECIMEN NO. AL Y2 | X3 4
WATER CONTENT, % | 7.8 |8.f |7.9
DRY DENSITY. PCF | 115.i| 120.4] 115.7
SATURATIGN. % - 45.4 | 54.7 | 46.7
VGID RATIO 0.464(0.400{0.457
X WATER CONTENT. %
DRY DENSITY. PCF
SATURATION. %
VGID RATIO
_ BACK PRESS.. TSF
A A [MIN PRIN. STRESS, TSF[ 0.5 [ (.5 |3.u
MAX. DEV. STRESS. TSF| 3.60 | 6.65 | 11.87|.
TIME TG FAILURE. MIN.| 19 | 23 | 18

TIi1 1

Y
/
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10.0

5.0

BEFORE SHEAR

DEVIATOR STRESS, T/SQ FT

RANENERTE R ARERE NN RA TRAIN INCR.YZl 5 ‘
0o 5 10 15 20 MEOFS : 8
) AXIAL STRAIN. % INITIAL DIAMETER, IN.] 1.40 | 1.40 | 1.40
CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 ] 3.00 | 3.00

OESCRIPTION OF SPECIMENS: SILTY.SHND (SM), TAN:

CEMENTED SLIGHTLY

Lt NP [pL NP |rr [os 2.70 | UNDISTURBED SPECIMEN | Q TEST
REMARKS ¢ , “TPROJECT DIKE STABILITY

ROCKY MGUNTAIN ARSENAL

BOBRING NO. 482-U | SAMPLE NO. |

> : DEPTH/ELEV 0.5-1.9 TECH. JAL

LABCGRATORY USRE MWES DRTE 26 MAR 78

TRIAXIAL COMPRESSION TEST REPORT
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c K A | MAX. DEV. STRESS, TSF| 2.08 | 4.44 | 6.54
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14 i1t 1 11 ¢ ittt T . »
0 S D i 5o RATE OF STRAIN INCR.”
AXTAL STRAIN. % INITIAL DIAMETER. IN.| 1.39 | 1.40 | 1.41
CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. | 3.00 | 3.00 | 3.00

OESCRIPTION OF SPECIMENS:

SILTY SAND (SM). TAN

LL | eL PI

G5 2.70

REMARKS ¢

UNDISTURBED SPECIMEN l Q TEST
PROJECT DIKE STABILITY

ROCKY MOUNTAIN ARSENAL

BORING NO. 482-U SAMPLE NO. 2
DEPTH/ELEV 5.5-6.55 TECH. JAL
LABORATORY USAE WES DATE 27 MAR 78

TRIAXIAL COMPREéSIUN TEST REPORT
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C X = _
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||lll
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N

10.0 -
<////) ' » WATER CONTENT, %
' ORY DENSITY. PCF
2 SATURATION. %
,>ﬁ”//) VGID RATIO
BACK PRESS.. TSF

\/)//// MIN PRTN. STRESS. TSF| 0.5 | i-5 | 3.C-
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.n(ﬁﬁ{m 5 -

RATE OF STRAIN INCR.Z

SHEAR
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¢] -5 {0 {5 20 . :
AXIAL STRAIN. % INITIAL ODIAMETER. IN.| i.40 | 1.40 | 1.39
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DESCRIPTION OF SPECIMENS: CLRYEY SANG (SC)

DAPK BROWN: FRIABLE

tL 28 |pL 13 |PI 15 |05 2.70 ~ [unorsTurBED SPECIMEN | @ TEST
REMAPKS ¢ PROJECT GIKE STABILITY '
" ROCKY MOUNTAIN ARSENAL
‘| BGRING NG. 482-U SAMPLE NO. 3
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LABORATORY USAE WES DATE 27 MAR 78
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y SEIESae — — i . .
Z ERaEn Ta f; s WATER CONTENT wol L L% LY %l 6 % % »
5 -20 Hr e N aau b < | Voo mTo e 0,761 "0.750 |0.769
- 1 * B G2 ‘, : I . R -
= . ] - E
g 033 } ﬁ__ £ | saTuRaTION ‘ Ss 15.6 %']_’5‘.8 %16.1 % %
] -30 | o S TeeEs Sameuy DRY DENSITY, - ' : :
2 AT - ve | 95.7 |96.3 195.3 |
.'6: W Rarivers W VOID RATIO AFTER e : :
§ Lo E i : : CONSOLIDATION
' 0 .01 02 03 04 05 |consolioanow, mm tso |
HORIZ. DEFORMATION, IN. WATER CONTENT v | 12,5% 112.8% | 13.4 % %
§ VOID RATIO & .
SHEAR STRENGTH PARAMETERS =
: SATURATION S¢ % % % %
¢ = > »
saR ° | 1.0 2,0 | 3.0
TAN ¢’ =i:: . E ]
? ot e | 0,64 | 1.35 | 1.85
¢ e T/SQFT
FARURE, M « | 660 |930 |990
RATE OF STRAIN, IN./MIN .
D CONTROLLED STRESS .00037 | . 00037' . 00037
ULTIMATE SHEAR Tl . iR
CONTROLLED STRAIN STRESS, /50 FT ult |
TYPE OF SPECIMEN UNDISTURBED 3.00 IN. SQUARE | 0.547 N, THICK
CUASSIFICATION  rr vwr cayr) (sM). TAN
u NP P NP Pl NP G 2.70
' PROJECT
REMARKS DIKE STABILITY
ROCKY MOUNTAIN ARSENAL
AREA _
sormnG No.  482-U SAMPENO. S
_ a o 15.0-16.0 DATE 30 MAR 70
RCH ' DIRECT SHEAR TEST REPORT
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'_‘ . 4 T' 1 Jﬁ\l TEST NO. l 2 3 .
1 St ;
Z N e e WATER CONTENT wo | 7.6 (6.8 %|7.1 % %
> -20 IR = . — '
o | e ny) ceems et N I 4 e ® 10.664 | 0.654 | 0.662
3 Sha S ' Z | saruration " ' ,
o _30 PR S 1085 % bg,1 ®lpg.0%| %
a = ot A ) o ] DRY DENSITY, B . "
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g - ‘ ,
e VOID RATIO AFTER :
§ yo EB - consoAuu_Anon ‘t
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, RCH "DIRECT SHEAR TEST REPORT _
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GESCRIPTION OF SPECIMENS:

CLAYEY SAND (SCJ), TAN

UNDISTURBED SPECIMEN | Q TEST

LL 28 PL 13 PI i3 G5 2.70
REMARKS ¢ PRGJECT - DIKE STABILITY
RGCKY MOUNTAIN ARSENAL
BORING NO. 484-U SAMPLE NG. 2
DEPTH/ELEV {.]-2.2 TECH. JAL
LABORATORY USAE WES DATE 29 MAR 78

TRIAXIAL COMPRESSION TEST REPORT

Figure 62




T/SF

1

—_—

DEG

TAN &b =

1 2

‘T/8Q FT

T

STRESS.

TTTT

SHEAR

TT T

A

A

%
1] |
~

TTrTT

o

L= ix

IR R

.
[d ] "

o=

NORMAL STREBS. T/S8Q-FT

1
.0 7.5 - 10.0

[ SPECIME! NO. vz | X3 4
- | WATER CONTENT. ¥ (1.3 ]11.3
- [
- - = DRY DENSITY. PCF 117.0].117.5] 120.5
o N Z| sATURATION. % 70.8 | 77.2
w - . Land -
< s VGID RATIG 6.429{0.394
- ~ DA _
& - //)<’/ X o | WATER CONTENT. %
o o . WIDRY DENSITY. PCF
o B S I - -
H - w SATURETICON. %
= o y S| VOID RATIO
= - L W1 BACK PRESS.. TSF
> - ﬁ/> 1//,15—-——4> MIN PRIN. STRESS. TSF 1.5 | 3.0
e MAX. DEV. STRESS. TSF 5.50 | 9.92
TIME TG FAILURE. MIN. 36 27
it dird il it i eaTE GF STRAIN INCR.LY ' '
5 i0 {5 20
AXIAL STRAIN. ¥ INITIAL DIAMETER, IN. 1.39 | 1.40
CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. 3.00 | 3.00
CESCRIPTION OF SPECIMENS: CLAYEY SAND (SC).
DARK BROKN
PL 11 Pl 16 |GS 2.69 “[unD1sTURBED SPECIMEN | G TEST

PROJECT OIKE STABILITY

RGCKY MOUNTAIN RRSENAL

BORING NGO. 484-U

SAMPLE NO. 3

DEPTH/ELEV 5.0-5.9

TECH. RE

LABORATORY USAE WES

DATE 2B MAR 78

TRIAXIAL COMPRESSION TEST REPORT

Figure 63




7.5 ¢ . :
C = T/SF [ |
: i 2 3 4
= DEG, v
- |
“ lTAN @ = | -
[« N ; .
w 5.0 2
» A
- =
o -
g P T
L og -
“ ~ / \
. 2.5 '
E C /7Z \
X -
w N / / \\ \
”1(7{11 l/ll HIBL N I LI LR I HER I LI 1111 |31i it i 1414 PR
0 L 2:5 - 5.0 7.5 {0.0 12.5 i5.0
NORMAL STRESS. T/5Q FT ‘ :
15.0 —
- SPECIMEN NG- Al Y2 X3 4
- | WATER CONTENT. % 7.4 | 7.0 | 7.0
P v
- u ~ 1 ORY DENSITY. PCF 102.4| 101 .8} {01.8
o - = | SATURATION. % 130.9 | 28.5 | 28.8
= 10.0 |- VOID RATIC 0.64610.656|0.655"
. - o | WATER CONTENT. %
[ %2 NN = a
o - WIDRY DENSITY. PCF
[ . ! T %]
5 N {///>% | SATURARTION. %
- &
o - ©| VGID RATIO
S 5.0 Koo b
« R e w! BACK PRESS.. TSF
> - yy)ﬁf”" MIN PRIN. STRESS. TSF[ 0.5 | 1.5 | 3.0"
e , ‘ MAX. DEV. STRESS. TSF| 1.47 | 4.08 | 7.63
é A\ ]
=T “ ITINE 15 FAILURE, MIN.| 21 30 {9
1414 It 4 it L R TRAIN NCR.%
c -0 5 20 RATE OF 5 IN INC
AXIAL STRAIN. ¥ INITIAL CIAMETER, IN.| 1.39 | £.39 | 1.39
CONTROLLED-STR#:IN TEST INITIAL HEICHT, IN. | 3.00 |'3.00 | 3.00
CESCRIPTION OF SPECIMENS: SILTY SAND (SM), TAN: A FEW
CARBONRTE CONCRETIONS UP 10 (/4" -
L PL PI 6S 2.70 |UNDISTURBED SPECIMEN | 0 TEST
REMARKS ; PROJECT OIKE STABILITY
ROCKY MOUNTAIN ARSENAL
BORING NO. 484-U - SAMPLE NO. 4
DEPTH/ELEV {0.0-11.1 TECH. JAL
LABORATORY USAE WES DATE 3i MAR 78
TRIAXIAL COMPRESSION TEST REPORT

. Pigure 64 -
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. bt REw
; u ey fased fugas nauws get AR EaRas A A
T - b ,:3* 0 - : . b ]
s Tr 0 i L2 3
T T T . . . .
, . mons fromt NORMAL STRESS, o, T/SQ FT :
p : + RN SESRN §5 ] - L :
= ~10 G- ] :
i X Spies amss anas TEST NO. R ' 1 ]2 3’
54 T D T T - — . :
o 1 : o ’
Z a1 einy tossn age WATER CONTENT Wo 7.6 %1 7.8%|7.5% %
7 -20 FRrs L : , .
o ' RpSE RS 1 B VOID RATIO ' €
5 S sy | 2 0.589 10.596 10.586
) i TS z -
g Ny SATURATION : Ss 3.8 %|35.3% |34.6% "%
§ =30 e S s » e —
a ; ESRS pUSEY DRghe a7 DRY DENSITY, . - :
5 S e vt ] ve ] 106.11 105.6 | 106.3
g _ S0 % Bnta S s VOID RATIO AFTER . :
ui — T S - CONSOLIDATION °
g -ho B3 VYR TIME FOR 50 PERCENT
S0 01 02 03 .04 05 | consoubATION, miN tso
HORIZ. DEFORMATION, iN. WATER CONTENT we 13'° g”o 13. ;4% 13'9% %
g VOID RATIO e
SHEAR STEENGTH PARAMETERS . _
SATURATION S L% % % ! %
L S—— NORMAL STRESS, ) .
1/5Q F ] . c. 1.0 | 2.0 3-0_
TAN ¢ = MAXIMUM SHEAR - | ‘
STRESS, 1/5Q FT Tmax 0.67 | 1.25 1.98
L SS————— L Y ACTUAL TIME TO ‘ v
’ FAILURE, MIN : 1% | 1020 |.750 1230
RATE OF STRAIN, IN./MIN - '
D CONTROLLED STRESS ek 00039 {. 00039 {.00039
ULTIMATE SHEAR :
X | CONTROLLED STRAIN _ STRESS, /50 FT Tuit
TYPE OF SPECIMEN . UNDISTUREED 3,00 IN.SQUARE | (547 IN.THICK
CLASSIFICATION . STLTY SAND (SM), BROWN
Yoooxp Pt WP P NP » e 2.70
PROJECT
REMARKS DIKE STABILITY .
ROCKY MOUNTAIN ARSENAL
AREA '
BORING NO. L84.u v SAMPLE NO. 5
DEPTH : :
£l 11.1-12.2 DATE 06 APR 78
RCH . DIRECT SHEAR TEST REPORT
ENG FORM QPO 1966 OF —214-943

(EM 1110-2~1906) PREVIOUS EDITIONS ARE OBSOLETE . . - A
1iunes 2092 . Figure 65 -
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s Rt ia , e
S Eeegytass, P T T
-+ PGS 1.”:' O 1]
0 trrr——r= : 0 1 2 3
BN SEEEE ; i ‘ _ : .
(i o i NORMAL STRESS, o, T/$Q FT
r—l‘ T + : 1ol : .
- e [ P e Jugee TEST NO.
& s R (o 1 2 3
nidl of +4 b TR N e i - - - N
2 i ‘L-i : e TR WATER CONTENT %o 110,3 % 10.7 % | 11.0% %
SEWE N R
z sEjetice S . ,,
y 4 -LIO:_J yewy mmma: )\ W !
5 N - | voID rATIO € |, ) .80
E ::r_f it 21 : g 0795 0793 O 8 3 :
13 it s Soa e ple Z | satuRATION Sq % % % %
8 et R . * 135.5% |37.0% |37.57,
w - MEES SGQN sRuEg bag DRY DENSITY, Ya ‘
< et e Le/cu 1 95.3.]195.4 | 94,9
g : o Wi B : oI VOID RATIO AFTER e . i o
g _8oEE: % : CONSOLIDATION .
TIME FOR 50 PERCENT
0 01 02 03 04 05 CONSOLIDATION, M'N 50
HORIZ. DEFORMATION, IN. WATER CONTENT wi |y b 15.4% | 15,0% %
. 2 VOID RATIO e
SHEAR STRENGTH PARAMETERS *
: SATURATION S, % % % %
¢ = NORMAL STRESS,
VSQFT . o 1.0 2.0 3.0
TAN ¢’ = MAXIMUM SHEAR : .
STRESS, 7/5Q FT Tmax 0.63 1.34 11.98
¢ = T/5Q FT ACTUAL TIME TO ¢
FAILURE, MIN ‘1 900 .870 900
RATE OF STRAIN, IN./MIN
D CONTROLLED STRESS - 00039 |. 00039 | 00039
ULTIMATE SHEAR ol
1X | coNTROULED STRAIN STRESS, 1/5Q F1 ult
TYPE OF SPECIMEN UNDISTURBED ’ 3 .00 IN. SQUARE 0. 5Ll7 IN. THICK
CLASSIFICATION  CLAYEY SAND (SC), BROWN
w o6 PL 11 Pl 15 G. 2,74
PROJECT 'DIKE STABILITY
REMARKS
ROCKY MOUNTAIN ARSENAL
AREA .
BORING NO. L8L-U SAMPLE NO. 6
DEPYH
e 15,0-16,1 ot @7 APR 78
RCH DIRECT SHEAR TEST REPORT .
E:‘?UF:::‘ 2092  (EM [110~2-1906) PREVIOUS EDITIONS ARE OBSOLETE - frosinoraiing Fi e 66



7.5
C = T/SF l ’_ l
{ 2 3 4
= DEG

-
- TAH & =
& 5.0 b—
~ -
[ L.
o'; -
(%]
l‘J =
o L.
- =
L% -
e 2.5
i " /w(—\
@ - A/ \ \

I 14 lll\KL:llll!l.l;ll\\ljlli!illllilll I S G 1 O OO

114
o 2.5 5.0 7.5 i0.0 12.5 14.0
NORMRL STRESS. T/8Q FT ' B

-0 r SPECIMEN NO. Al Y2 IX3:| 4
- _ | WATER CONTENT. % | 27.8 | 24.6 | 28.6
» = DRY DENSITY. PCF | 81.3 | 85.5 | 86.4
5 ' ////9< = | GATURATION. % 68.9 | 69.2 | 79.9

V3I0 R&TIO 1.105]0.975(0.988

N
l
|

—
[
«
(%21
~
[
. o | NRTER CONTENT. %
[#2] a
o Y 41 DRY DENSITY. PCF
o LA %]
5 C ., | SATURRTION, %
- A
o o = H———a |G VoID RATIG
S 2.0 s
@ - Wi BACK PRESS.. TSF
> MIN PRiN. STRESS. TSF| 0.5 | 1.5 | 3.0
e ] MAX. DEV. STRESS. TSF| 2.38 | 3.57 | 4.40
' ' TIME 7O FAILURE. MIN.| 21 13 22
Ll i | S T R | T .Z ]
0 S o T 20| RATE Uf STRAIN INCR or
AXIAL STRAIN. % INITIAL GIAMETER. IN.| 1.40 | i.41°] .39
CONTROLLED-STRAIN TEST INITIAL HEIGHT, IN. | 3.00 | 3.00 | 3.00

GESCRIPTION OF SPECIMENS: CLAYEY SAND (SCJ. TAN: SAND IN

UNUSED PORTIONS OF SAMPLE

tlL 44 |PL 16 |PI 28 |C5 2.74 “JunoisTuRgED SPECIMEN | Q TEST
REMARKS ¢ PRGJECT DIKE STABILITY -
| ROCKY MOUNTAIN ARSENAL
BORING NO. 484-U SAMPLE NO. 7
DEPTH/ELEV 16.{-16.9 TECH. CR
LABORATORY USAE WES DATE 28 MAR 78
TRIAXIAL COMPRESSION TEST REPORT

Figure 67
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7.5

C = T/5F l l l
i 2 3 4
= DEG
—
b TAN & = .
@ 5.0
~ -
(- L
c; ™~
[22)
@ N
o -
— n
[%2] .
« 2.5
z : N
T -
@ - ——y N
N llﬁl/li\lll'llli\i 'ililill!l?iilli!lll:llll
0 2.5 5.0 7.5 i0.0 12.5 5.0
NORMAL STESS. T/SQ.FT
6.0 — - :
SPECIMEN NG. Af Y2 | X3 4
- = | WATER CONTENT. % 17.7 [ 19.3 [ 17.9
. » ~| BRY DENSITY. PCF 95.2 | 93.5 | 97.8
o - Z | SATURATION, % 6.4 | 54.3 | 65.8
% = —
= 4.0 (/>%;;F~" VOID RATIQ 0.7684)0.81(6(C.740
& - /) « [ WATER CONTENT. %
o u % | DRY DENSITY. PCF
vt A——)M (2]
P N l;> ——y— ws | SATURATION. %
o - S| velD RuTIG
e 2.0 N v _
o 5 A @ | BACK PRESS.. TSF _
> i MIN FRIN. STRESS. TSF| 0.5 | 1.5 [3.0 |
e MAX. DEV. STRESS. TSF| 1.87 | 2.88 | 4.02
TIME TG FAILURE, MIN.| 37 19 39
[ i 11 i ISR R A g T 4
0 3 TRENT: 50 .RATE OF STRAIN INCR.
AXIAL STRRIN, % INITIAL GIAMETER. IN.| 1.39 | 1.39 | {.40
CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. | 3.00 | 3.00 | 3.00

CESCRIPTION OF SPECIMENS:

SRxGY CLAY (¢L)

LIGHT BROWN

L 32

PL IS PI 17

Gs 2.72

UNGISTURBED SPECINEN | Q TEST

REMARKS «

PROJECT DIKE STABILITY

'RGCKY MOUNTAIN ARSENAL

BORING NO. 484-y

SAMPLE NO. 8

DEPTH/ELEV 20.0-21.¢

TECH. RE

LABORATORY USAE WES

DATE 29 MAR 78

TRIAXIAL COMPRESSION TEST- REPGRT

t

. Figure 68



7.5
C = T/SF l | |
i 2 3 4
= . BEG
—
b TaN & =
@ 5.0 —
~ - -
- -
u; -
wvi
W o
— B /”__‘\ )
@ = ,/// ™~ o
gg2-5 \
& n
z - //7&
—l(ll'\'/}li!ll\liil{"'lli I\l\lllf|lill"l!ii!l(
o 2.5 5.0 7.5 0.0 2.5 i5.0
NORMAL SVRESS. T/5Q FT
{5.0 ¢ SPECIMEN NG. At vz [ <t | 4
- | WATER CONTENT, % i0.0 | 10.7 | 10.9
1~ fent
- 5 — 1 GRY DEWSITY, PCF 109.1] 107.4] 104.4
o N Z [ SATURARTION. 7 48.3 | 49.8 | 47.3
v - -
> 10.0 | VOID"RATIO 0.556|0.585|0.626
. - oc | WATER CONTENT. %
[%2] P [«
a - Y[ DRY DENSITY, PCF
o B w -
= X < w SATURATION. %
o S SC S V610 RATIC
DSAO Y L
@ - RV V. L 8ACK PRESS.. TSF
> A MIN PRIN. STRESS, TSF[ 0.5 | 1.5 | 3.0
e v ———y -y A | MAX. DEV. STRESS, TSF| .10 | 4.14 | 6.30
TIME TO FAILURE, MIN.| {5 21 29
L A R N O T O O 1 T 0 O A O A RATE OF TRIN NCR, % c .
0 5 i0 15 20 F STRAIN INCR.%) 5 °
AXIAL STRAIN, % INITIAL GIAMETER. IN.| {.39 | 1.40 | {.40
CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. | 3.00 | 3.00 | 3.00

| GESCRIPTION OF SPECIMENS:

CLAYEY SAND (SCJ.

LIGHT BROWN

LL 24 PL 12 [PI {2 GS 2:72 ‘ UNDISTURBED SPECIMEN | Q TEST
REMARKS PROJECT ODIKE STABILITY
ROGCKY MOUNTAIN ARSENAL
BORING NO. 484-U SAMPLE NG. 9
DEPTH/ELEV 21.{-22.2 TECH. JAL
LLABORATORY USAE WES DATE 29 MAR 78

TRIAXIAL COMPRESSION TEST REPORT

. Figure €9



3.0
¢ = T/5F [
, i 3 4
= ~ DEG
[
b TAN & =
» 2.0
~ o
1o -
o -
2]
9 N
o .
:’; B ‘ . T ——
a u . : //// \\\
* - | e} o] . :
N S \\§<<; \\\\§ _\\
ll‘l'lll)llli/]lllllil'l|'|i'£llll‘lliillllx1i]ll
0 -~ t.0 2.0 5.0 4.0 5.0 6.0
NORMAL STRESS. T/8Q FT
3.0 ‘ -
- SPECIMEN NO. Al ye | X3 4
5 | RATER CONTENT, % {4.8 | 15.0 | 3.1
K cC
- 5 — 1 DRY DENSITY. PCF 1ta.t] t12.4] 116.4]
8 K = saTuRAT P . . 7.
o - ;X’9</’/’% = | GATURATION, 81.8 | 78.7 | 77.1
S 2.0 VOID RATIC 0.494|0.520]0.464
s - Y?() o | WATER CONTENT, %
0 N I DRY DENSITY. PCF
& % e AL : :
> n R{}k/)ﬁ’l | SATURGTION. %
e [
[ : v
5 10 S| V01D RATIO
« u & | BACK PRESS.. TSF ‘
> 74 . MIN PRIN. STRESS. T5F} 0.5 | 1.5 | 3.0
n ImAx. DEV. STRESS. TSF| 1.52 | .52 | 2.26
: TIME T0 FAILURE, MIN.| 48 45 | 36
| S T O O N T T 20 A I T O A - T .;'A
0 S T T 2| RATE OF STRAIN INCR
AXIAL STRAIN. % (| INITIAL DIAMETER. IN.|1.39 | {.40 | 1.39
CONTROLLEB-STRAIN TEST INITIAL HEIGHT. IN. | 3.00 | 3.00 | 3.00

DESCRIPTION OF SPECIMENS: CLAYEY SAND (SCJ, LIGHT BROWN

L 30 {pL 13 |PI 17 Cs 2.73

UNDISTURBED SPECIMEN | Q TEST

REMARKS

PROGJECT OIKE STABILITY

ROCKY MOUNTAIN ARSENAL

| BORING NO. 484-U

SAMPLE NG. 10

DEPTH/ELEV 25.0-26.0

TECH. RE

LABORATORY USAE KES

DARTE 29 MAR 78

TRIAXIAL COMPRESSION TEST_REPORT

Figure 70
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= DEG
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b TAN & =
@ 2.0
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(73] - : T
o 1"0 < =
& B T \\\\\
& B / 7<\ >< .
rll’t}'ll_!l’iili"i\(l!i‘/'yil'l\tl'lLLJ illl\!ii'll
0 {.0 2.0 3.0 4.0 5.0 5.0
. NORMAL STRESS. T/SG FT
3.0 (— ,
- SPECIMEN NG. Al Y2 X3 4
- | WATER CONTENT, ¥ 21.0 | 20.2 | 20.1
(s ol
= - — | DRY DENSITY. PCF 100.8] 101.3] 101.5
- ' = | SATURATION. % 83.0 | 80.8 | 81.0
N B T Sy -
> 2.0 ' C::;'4 V31D RATIO 0.691|G.582|0.678
- \ :
& - (/)? o | WRTER CONTENT. %
a - 21 DRY DENSITY. PCF
o [#3] y P o
= w SATURATION. %
o S| VOID RATIO
S 1.0 e
p Wi BRCK PRESS.. TSF
-l - _——
> o MIN PRIN. STRESS. TSF] 0.5 | 1.5 | 3.0
e i MAX. DEV. STRESS. TSF| 1.85 | 2.09 | 2.20
TIME TO FRILURE., MIN.| 40 42 43
ittt R IR rpotd IS TRQ N -7,
0 : G i 2| RATE OF STRAIN INCR
AXIAL STRAIN. 7 INITIAL DIAMETER, IN.| 1.40 | .40 | 1.40
CONTROLLED-STRAIN TEST INITIAL HEIGHT. IN. | 3.00 | 3.00 | 3.00

DESCRIPTION OF SPECIMENS:

SANDY CLAY (CL),

BROWN: WITH

SMALL GYPSUM COR CARBGNATE LENSES

LL 43 PL 18 Pl 25

Gs 2.73

TUNGISTURBED SPECINER | Q TEST.

REMARKS ¢

PROJECT DIKE STABILITY

ROCKY MOUNTAIN ARSENAL

BORING

NG. 484-U

SAMPLE NO. 1

DEPTH/ELEY 26.0-27.0

TECH. RE

L.ABORAT

ORY USRE WES

{oATE 30 MAR 78

TRIAXIAL COMPRESSION TEST REPORT

... Figure T1
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& bl 8y HE A ]
s an sy ey B T C Iune HFHTHR
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e AR 1] 3 T e P
D e e Eaaa ! 0 & 2 3 o5 6
SR e : : . ‘
. T - - . NORMAL STRESS, o, T/5Q T
T U A S . -' .
o 10 ot : - —
- NS Enabe Shasd sanky Sabun TEST NO. - 1 2 | 3
~ + hre ! ; (\J;“,v"A X T
. - :\ Sane saas seuas IS WATER CONTENT. i we 110,1% 9.14 % 9.1 % %
bt 20 NN 'l;r 5i - .
z eV —+ = i :
o N g | YOI RATIO e 1 0.587 |0.575 {0.57h
[ 117 I\ =4 - - :
< 1 , E - ;
g Epane PeEga nania souw Z | saruration . S | L6 5% 4y, 1% 19.3 % %
- S EEE S : : = . h
E‘ -30 I e = - 'DRY DENSITY, Ya : .
2 raae SRmEE Ensng naus: Le/cu FT 106.2 |107.0 [107.1
= RS B RENSE B Sa VOID RATIO AFTER e
g Lo == DS B¢ CONSOLIDATION e
- Tt T I i .
. . TIME FOR 50 PERCENT
0 “01 02 03 04 0.5 | cONSOUDATION, MIN ts0
HORIZ. DEFORMATION, IN. WATER CONTENT wil15,4% |15.5% |14.5 % %
2 VOID RATIO . e
SHEAR STRENGTH PARAMETERS *
SATURATION St % % % %
= _NORMAL STRESS,
V/5Q T . 1 1.0 2,0 3.0
TAN ¢' = MAXIMUM SHEAR .
STRESS, T/5Q FT Tmax 0.72 .42 2,02
L SUURN— 7 e ) ACTUAL TIME TO
FAILURE, MIN t | 420 J—23O 13 80
RATE OF STRAIN, iN./MIN
D CONTROLLED STRESS L 00035 [.00035 |. OOQ3 5
g CONTROLLED STRAIN g#;g‘s‘fﬁ /i'g‘;'; rae |
TYPE OF SPECIMEN UNDISTURBED o 3. OOIN. SQUARE 0. 1!57 IN. THICK
CLASSIFICATION  STLTY SAND (SM), BROWN
u 19 Pl 15 Pl L G - 2,70
REMARKS PROJECT . DIKE STABILITY .-
"ROCKY MOUNTAIN ARSENAL
AREA
rorinG NO.  U85-U SAMPLE NO. 1
o 0.0-1.3 oate - 07 APR 78
RCH DIRECT SHEAR TEST REPORT
‘r‘}u:?:? 2092 (EM 1110-2-1906) PREVIOUS EDITIONS ARE OBSOLETE | Gros fass oF—aiaaa Fi gure. 72
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¢ = )
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- ¢ = WSQFT | ACTUAL TIME TO : .
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xss ‘ -
LASSIFICATION ooy STTTY CLAY(CL), TAN AND RED MARBLED
13 40 P 15 Pl 25 6. 2.73
REMARKS PROJECT DIKE STABILITY
ROCKY MOUNTAIN ARSENAL
AREA
BORING NO. 1}85_[)' SAMPLE NO. T
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HORIZ. DEFORMATION, IN. WATER CONTENT vl 16.2% | 14,5% |13.1% %
: o _-‘zf VOID RATIO o er
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SAFETY FACTOR | [
ARC CENTER (w/EARTHQUAKE ) /
(X, Y) Q TEST S TEST
-15.0, 5210 6.30 - [
-15.0, 5215 6.21* -
-15.0, 5220 ¢.44 -
-20.0, 5225 7.07 -
~17.5, 5209 ~ c.83*
-125, 5207.5 - 1,10
-10.0, 5207.5 ~ 1 .38
-15.0, 5210 - ©.97
-12.5, 5210 - 1B
* MINIMUM
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L T l l T | 1 7] 5205
| SELECTED MEASURED SOIL 'PARAMETERS
i TEST .
| soiL [pensiTy, peF | 3 15 S TEST 5200
- } @ C ® | c
5 — | 1 132.0 32 {900 |34 | ©
— st‘gs 2 115.0 15 840 | 32 0 ;
% -1 5185 .5
Y 2
ASSUMED GW 5130 )
N L
(18
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o
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~ 51886
- 5180
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30
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I 1

SAFETY FACYOR
ARC CEWTER (Ww/EARTHQUA KE)
(X, 0 G TEST | S TEST
-20.0,5212.5 8.60 0.79*
-17.5,5212.5 6.26 0.94
~20.0,5215.0 7.64 0.88
-117.5,56215.0 6.05 1.00
-20.0,5217.5 701 0.90
-12.55210.0 5. 10 -
-12.5,5212.5 5.09% -
-12.5,5215.0 5.12 -
-15.0,5212.5 5. 4\ =
-10.0,5212.8 5 14 -
EMINIMUM
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! | I | 1 |

SELECTED MEASURED SOIL PARAMETERS
Q TEST | S TEST

® c o | ¢

SOIL  |DENSITY,PCF
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2 15 'S (B840 | 32 | ©
EL. 5190.5
EL. . 5185.0
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r — | l j T ] 15205
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! \32 30 00 34 () (7)I
2 B 'S |saoc | s2 | o s
~ 5195 K
[
78
z
| EL. 190.5 0
; —— *—
‘ 51905
J
w
EL. 5185.0 -4 5185
5180




ELEVATION, FEET MSL

5205

5200

n
0
a

o
O
0

5185

5180

5175

DOWNSTREAM DISTANCE !
30 20 O
I [ 1 1 1 T
//—-_————
FS=z1.01,S STRENGTH ~
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ARC CENTER | _(w/EARTHQUAKE) _ .
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-17.5,8207.5 - 312
-15.0,5207.5 - ¥
-12.5,5207.5 12.53 | .31
~15.0, 5205.0} - 115
-150, 5210.0 21.34 112
-12.5 5210.0 1 1. 70 -
-10.0, 5210.0 s.80% -
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- 5.0, 5210.0 14.84 -
-7.5, 5207.5 11.65 -
-17.5,5212.5 10.89 -
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Minimum Safety Factors
Upstream Dowvnstrean
Shear Slope . Slope
Strength ) "
Boring Source Q-test Q-test S~test
482 Estimateq 1.87 - 0.87
Measured - 5.21% . 0.83% |
483 | Estimated 1.97 - 1.02
Measured - . 5.009% 0.79%
L 8L Estimated 1.78 - 1.25
Measured - 9.80% 1.11%
485 Estimated 1.79 - -0.93
Measured - L L3% 0.73%

seismic coefficient - 0.05
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Figure 85



v wad

00WI0I00 “HIANET
VISV RIVINNOW MO0d
| 4 NISW |
SISATANY ALTTIEULS DT

ALIVS 40 ¥01Iv4 SA NOLLVATT3 7100d

HLONTELS ©-39vd3ass AGY3.8'Q
AL1TAVS 40 wOLDVA

o' O L o9 oG
SO0=LNIIDI4430D DINSI3S
Q - c81g
INVNROHLEYVE ON —* 5
\
%
- Q0z2g

HLDNIAULS S-39OVAEAES AQYALS '

ALTAYS 40 1OLDVH

1"l ol 60 80
ilx_ T T 061G T
. . m
T . . . >
X CO'Q=1NI1D12330D IINSIIS o
O \ f M
< .
> 4c618 ™
» 7 Y =
e <
= . //o
INVOOHLAEYA ON J 0ozg

Figure Bé




